Climate change is one of the greatest challenges of our times. We humans must change our behavior in the short run to mitigate the effects of climate change in the long run. Policymakers develop environmental policies to motivate this behavioral change. However, people may nonetheless fail to change to more sustainable practices, defeating the effectiveness of environmental policies. Public communications, such as mass media campaigns, can enhance compliance with environmental policies, but they have not yet lived up to their potential. In this contribution, I propose that environmental communication would be more effective if public communicators took account of the (often counterintuitive) social and psychological processes that influence sustainable behaviors. I present research evidence of the impact of cognitive biases (discounting, control perceptions, optimism bias, denial, defensive avoidance, and reactance), emotions (fear and hope), and expectations (about the intentions of the communication source and other people's environmental behaviors) on the power of environmental public communication as a tool to promote sustainable behaviors. If social and psychological processes are neglected in the design of environmental public communications, messages can backfire and achieve the opposite of what was intended. To improve environmental communications, I propose three communication design suggestions: keep it simple, balance the message, and provide an action perspective.
provide for a liveable climate by trapping the solar heat radiated back from the earth's surface. Without greenhouse gases, the earth would be too cold for plants and animals to survive. However, when the amount of greenhouse gases increases, more heat is trapped than necessary. This causes the globe to warm up.
Scientists regard anthropogenic greenhouse gases-those resulting from human-induced sources-as the main contributor to climate change. These are more important than greenhouse gases produced by naturally occurring processes, such as the carbon dioxide that humans and animals breathe out and the methane released by wetlands and oceans (IPCC, 2014 (IPCC, , 2018 . The best known anthropogenic activity is the combustion of fossil fuels, such as coal, oil, and natural gas, to produce energy and electricity. However, agriculture and the industrial production of iron, steel, and cement also release greenhouse gases.
Many industrialized countries have formulated environmental policies to limit the impact of anthropogenic greenhouse gases. Because climate change is a global challenge, countries have coordinated these policies internationally in agreements such as the Kyoto Protocol (United Nations, 1998 and the Paris Agreement (United Nations, 2015) . The overarching goal of these intergovernmental accords is to keep the increase in global average temperatures to well below 2°C above preindustrial levels, and preferably to limit the temperature increase to 1.5°C.
At the national level, governments formulate more specific policies covering different societal levels. At the microlevel, such policies aim to reduce individuals' energy consumption, for example, by encouraging investments in solar panels and home insulation. At the mesolevel, policymakers might stimulate manufacturers to develop energy-efficient appliances and incentivize industries to use fossil fuels more efficiently. At the macrolevel, countries might pursue a more balanced energy mix emphasizing renewable (nonfossil) sources such as water, biomass, wind, and sun.
Yet, it is not always easy for governments to bridge the gap between policy development and changes in behavior. To achieve environmental policy goals and sustainable behavior, policymakers need tools to encourage policy compliance among citizens and organizations. Examples of such tools are the traditional regulatory "command-and-control" instruments, such as emissions standards, toxic substance bans, and land use restrictions (European Environment Agency, 2016a). There are also market-based tools, such as taxes, fees, greenhouse gas emissions trading, and subsidies (OECD, 2017) . Monetary incentives can be an effective tool to motivate organizations to act sustainably, but they have been less effective for citizens. Research has found that homeowners often postpone applying for subsidies and loans because they do not know where to apply, how to apply, and under what conditions they can get the incentives (e.g., Allcott & Greenstone, 2012; Allcott & Mullainathan, 2010; Department of Energy and Climate Change, 2011, 2013) . This points to policymakers' need for more effective tools to implement environmental policies aimed at sustainable behavioral change. This need is urgent, too, because according to international studies, global warming is accelerating, countries are not achieving key targets in global climate agreements, and humans must act rapidly to prevent a climate catastrophe (e.g., European Environment Agency, 2016b; European Commission, 2017; IPCC, 2014 IPCC, , 2018 .
In addition to regulation and market-based incentives, policymakers often use public communication to encourage compliance with environmental policies (European Environment Agency, 2016b) . Via public communication channels, such as media campaigns, leaflets, websites, and news items, governments send factual information to a broad audience (i.e., one-way mass communication) with the goal of raising awareness about climate change and educating people about environmental policies and how to act upon them (e.g., Cox & Pezzullo, 2016; Jacobson et al., 2019; Maibach, Roser-Renouf, & Leiserowitz, 2008) . Indeed, evaluations show that public communication can be a successful educational tool. After visiting a website on energy efficiency, citizens were found to understand how they could save energy and had a more positive attitude towards taking sustainability measures (e.g., Brulle, 2010; Cox, 2007; European Commission, 2015; Lakoff, 2010) .
However, the effectiveness of public communication as a behavior-change tool across a broad audience is contested. Recent research on sustainable behavior among homeowners suggests that even when people are environmentally educated and willing to act sustainably, they may still fail to adapt their behavior because they anticipate inconveniences and experience other psychological barriers to changing their behavior (De Vries, Rietkerk, & Kooger, 2019) . Investigating these barriers-and exploring ways to reduce them-may help policymakers achieve the behavioral goals set in climate agreements.
Some scholars have suggested that environmental public communications underperform because they are based on so-called "linear" or rational choice models (e.g., Chandler, 2012; Hornsey & Fielding, 2020) . These models assume a direct relation between information provided and behavioral change, without accounting for the (often counterintuitive) social and psychological processes that influence actual displays of environmental behavior. It is probably fair to say that public communicators neglect social and psychological processes when designing public communications because they are complex and less well understood. Public communicators are typically trained in the use of two linear models in particular: the knowledge-attitude-behavior model (see Chaffee & Roser, 1986) and the Shannon-Weaver model of communication (Shannon & Weaver, 1949) .
The knowledge-attitude-behavior model draws a direct relation between knowledge, attitude, and behavior. According to this model, informational campaigns elicit behavioral change because they increase knowledge about the desired behavior (i.e., why and how), leading to improved attitudes towards that desired behavior. For example, educating citizens about the health risks of smoking causes them to develop a negative attitude towards smoking, in turn dissuading them from starting smoking or stimulating them to stop. Some argue, however, that this chain of effects rarely unfolds this way, because it fails to take account of the social and psychological mechanisms that disrupt either the information-attitude or the attitude-behavior link (see, e.g., Bettinghaus, 1986) . In fact, behavior might change regardless of knowledge levels or (changes in) attitudes, for example, because people copy the behavior of others (see, e.g., Aarts & Dijksterhuis, 2003) or because their physical environment "nudges" them to engage in a specific behavior (Thaler & Sunstein, 2008) .
The Shannon-Weaver model, known as the "model-of-all-models" (Hollnagel & Woods, 2005) , approaches communication as a technical matter in which a communication source sends a message through a channel to a communication receiver (Shannon & Weaver, 1949) . Some scholars have elaborated on the Shannon-Weaver model, for example, Berlo (1960) proposed the sendermessage-channel-receiver model of communication. But these revised versions remain linear (e.g., Al-Fedaghi, 2012; Cole, 1993) . That is, they do not account for the social and psychological processes that are triggered when recipients are presented with communication aimed at changing their behavior.
The current review explores social and psychological processes that may impact the effectiveness of one-way public mass communication on environmental behavior. These processes are cognitive biases (discounting, control perceptions, optimism bias, denial, defensive avoidance, and reactance), emotions (fear and hope), and expectations (about the intentions of the communication source and other people's environmental behaviors). Only recently have researchers begun to empirically investigate how these processes impact the effectiveness of public communications in the environmental policy domain (e.g., De Vries, 2017). In other policy domains, such as promoting healthy lifestyles, fostering compliance with laws, and enhancing take up of new technologies, a growing body of empirical evidence demonstrates that taking these processes into account can enable communicators to improve the impact of their public communications. Successful examples relate to the improvement of tax discipline (Martin, 2012) , countering the overprescribing of antibiotics (Hallsworth et al., 2016) , attracting more diverse job applicants (Linos, 2017) , and promoting the use of e-government services (Faulkner, Jorgensen, & Koufariotis, 2019) .
This review builds on evidence from these other policy domains. It advances public policy research by introducing knowledge about human behavior derived from the fields of (social) psychology and the emerging domain of "behavioral public administration." Application of these findings may allow public communication departments and "behavioral insight teams," which blend lessons from psychology and public administration, to improve the effectiveness of public communication in the environmental domain (see, e.g., Grimmelikhuijsen, Jilke, Olsen, & Tummers, 2017; Schillemans & De Vries, 2016) .
Indeed, reduction of and adaptation to global warming is one of the foremost issues of our times. I provide a structured overview of when, why, and how behavioral insights can improve public environmental communication to stimulate environmentally sustainable practices. I then suggest concrete design recommendations to enable communicators to tap into social and psychological processes to enhance the effectiveness of their public communications. Although this contribution specifically targets public communicators, these suggestions are also relevant to others who design communications for a broad audience, such as marketeers. 1
Psychological and Social Processes That Impact on Public Communication
If we want to understand how public communication can be an effective tool for environmental policy achievement, we need insight into the social and psychological processes that influence people's decision-making and behavior regarding environmental sustainability. For example, it is hard to understand-from a rational viewpoint-why even when people know that the climate is changing and acknowledge that they should adapt their behavior, minimal appropriate action is taken. For instance, people might endorse the construction of large wind farms as a general principle but resist when a wind farm is planned close to their home (Wolsink, 2000) . Likewise, experimental research shows that when people are presented with fear-evoking messages in environmental public communications, they may feel bad about their behavior but remain inactive and unengaged (O'Neill & Nicholson-Cole, 2009 ). Expectations can overcome barriers to acting green. For example, people are more likely to reduce their energy use when they become aware that their neighbors are saving more energy than they are because they then expect "energy saving" to be the desired behavior in their community (Allcott, 2011) .
Though display of such behavior may seem irrational (if one were to assume that humans are rational actors), it actually is adaptive from a psychological point of view. We humans live in webs of social relationships, dependencies, and sensory information. These all impact the choices we make, often without careful deliberation on our part. Stated differently, human behaviors are driven not only by slow and deliberate decision-making, but also by cognitive shortcuts that help us function under time pressure, information overload, and fatigue (e.g., Gifford, 2011; Kahneman, 2011; Simon, 1955) .
Scholars have suggested that attempts to motivate people to act more sustainably through public communication are more effective when the targets of these communications are recognized as social beings with cognitive biases, emotions, and expectations (e.g., De Vries, Terwel, & Ellemers, 2016; Gifford, 2011; Mols, Haslam, Jetten, & Steffens, 2015; O'Neill & Nicholson-Cole, 2009 ). To do this, however, requires insight into how and why cognitive biases, emotions, and expectations impact the transmission of a message from a communication source to the receiver and how they may affect a receiver's behavior. Figure 1 provides an overview of this process.
Cognitive Biases
When people read a communication on environmental policy, they decide (consciously or not) whether they will comply with it. This is not a straightforward process, because sustainability messages are steeped in uncertainty. The Dutch campaign "Energy Savings, Do It Now" provides an illustration. The goal of this multimedia campaign was to increase the number of houses insulated for energy efficiency. The campaign sought to lower the barriers to energy savings and increase the urgency felt by homeowners to make their houses more sustainable (Energy Savings, Do It Now, 2019) . Unfortunately, but in line with the failure of past public communications on environmental issues (Gardner & Stern, 2008; Olander & Thøgersen, 2014) , the campaign was not very successful. Evaluations revealed relatively low communication value in its first year; in other words, the campaign did not reach many citizens (Schalkwijk, 2017) . Furthermore, messages about the urgency of energy savings and the ease of taking measures did not take hold among the general public. Evaluations further found that relatively few homeowners were aware of the funding available to offset costs. One reason for the campaign's failure was recipients' confusion about how and when to act green, as several parties were issuing communications about energy savings, emphasizing different aspects and values (Schalkwijk, 2017) . Another reason, which was not mentioned in evaluations but proposed by research as contributing to uncertainty, was disbelief in whether climate change exists at all (Gifford, 2011) .
People facing decisions under uncertainty are particularly susceptible to cognitive biases. Cognitive biases are systematic patterns of deviation from rationality in judgment. On the one hand, it is adaptive to fall back on biases in times of uncertainty, because human attention is limited and biases provide shortcuts that help us make decisions. On the other hand, biases can produce systematic errors that might be harmful (Tversky & Kahneman, 1974) . For example, when people are (too) optimistic about our future climate (i.e., optimism bias) they are less likely to change their environmental behavior after reading a motivating environmental message, as they perceive no urgency to act now (e.g., Gifford, 2011; Pahl, Sheppard, Boomsma, & Groves, 2014) . Therefore, it is important for public communicators in the environmental domain to take account of biases when they develop communications.
Researchers have already identified a large set of biases and continue to identify new ones (e.g., Bazerman, 2006; Gifford, 2011; Pahl et al., 2014; Van den Broek & Walker, 2019) . However, this large set of biases may be overwhelming for public communicators aiming to promote sustainable behavior. Here I focus on six biases that are arguably most important in the context of environmental behavioral change: discounting, control perceptions, the optimism bias, denial, defensive avoidance, and reactance.
Discounting. There are two types of discounting: spatial and temporal (Gifford, 2011; Gifford et al., 2009) . Spatial discounting occurs when people presume that the consequences of climate change are worse elsewhere. For example, people in Western Europe might be wrongly under the impression that global warming is detrimental mainly in the polar regions, where the ice is melting, or in South-East Asia, where tsunamis occur. A comparative survey of 18 globally dispersed countries found that most respondents thought "things are better here than there" (Gifford et al., 2009) . Spatial discounting might be explained by people's failure to perceive how the risk of global warming affects them personally. Or, a motivational factor could be at work: People may know that global warming affects them, but may not be concerned as long as it is not causing them personal suffering (warmer summers may be a welcome effect of climate change, e.g., Ridley, 2013) . When people do start to suffer, they might respond with denial of the danger, defensiveness, or message avoidance, in addition to discounting (e.g., Gifford, 2011) .
Temporal discounting occurs when people assume that environmental consequences will manifest in the far future, long after their own death. Indeed, it is difficult for people to consider what life will be like many decades ahead. The effects of global warming are emerging only gradually, and acute risks are seldom plain to see. In this case, the temporal discounting effect is strengthened by uncertainty about the exact impact of global warming and how nature will adapt to it.
Spatial and temporal discounting has similar consequences: People feel little urge to take personal responsibility for solving environmental issues (Gifford, 2011; Pahl et al., 2014; Weber, 2017) . To make people aware of the importance of acting now, public communicators might design messages that not only provide factual information about environmental issues relevant to their audience but also provide them with an action perspective (e.g., Stajkovic & Luthans, 1998) . For example, an effective message to counter spatial discounting could emphasize that warmer summers often bring torrential rainfalls and flooding and point out that saving energy (e.g., taking the bus instead of the car) could help to mitigate this effect.
Control Perceptions. Control perceptions are considered a cognitive bias when people wrongly infer that they have low (or high) control. In this bias, two elements are key: perceptions of self-efficacy and perceptions of effectiveness.
Perceptions of self-efficacy concern confidence in one's own ability to achieve a behavioral outcome, and these perceptions are a good predictor of behavior (Manstead & Van Eekelen, 1998) . People who perceive low self-efficacy believe they can do little to counter climate change threats. They might therefore be disinclined to take personal responsibility for solving environmental issues, instead assigning responsibility to others, such as the national government or other countries (e.g., Gifford, 2011) .
Effectiveness perceptions relate to appraisals of the usefulness of actions. As such, people might view their own sustainable actions as only "a drop in the bucket" with minimal effect in solving global environmental issues. For example, people might refrain from acting sustainably until others do (e.g., Gifford, 2011; Weber, 2017) . This is in fact a social dilemma. If everyone defects, the whole group suffers from inaction. However, it is tempting to defect if there are no sanctions for defecting and people are unsure of what others will do. Inaction resulting from low perceptions of self-efficacy and effectiveness can occur when public communications only raise awareness about environmental issues, without informing people of what action they can take to address the issues. A recent example of communication that raised awareness without providing an action perspective is the British nature documentary Our Planet, created for the streaming service Netflix. The end goal of this documentary was to make people aware of climate change and persuade them to adopt a more sustainable lifestyle (e.g., Jones, 2019) . The documentary succeeds in showing viewers climate change's negative impacts on nature-it does this vividly, often frighteningly. Yet, it gives no clear action perspective. At the end of the documentary viewers are referred to a website that provides the opportunity to donate money to the World Wide Fund for Nature (WWF, the initiator of the documentary). But getting to the right webpage is not so easy, preventing viewers from taking action (e.g., De Vries et al., 2019). Moreover, it may be unclear to viewers how donating money to WWF will contribute to resolving climate change.
What is more, raising awareness about climate change issues without providing an action perspective can trigger a backlash. If viewers receive information warning them about a risk without specific information on how to counter that risk, a conflict could arise between attitude ("I should act sustainably") and behavior ("I don't know what to do"). This can produce cognitive dissonance; that is, psychological stress arising from contradicting beliefs, ideas, or values. People may try to reduce this dissonance, using various strategies to do so (Festinger, 1957) . Possible strategies are denial of the problem, apathy, and downplaying the issue ("nature is good at restoring itself, so humans probably do not need to interfere anyway"; e.g., O'Neill & Nicholson-Cole, 2009; Thompson, Barnett, & Pearce, 2009; Witte & Allen, 2000) . As a result, public communication-such as the documentary Our Planet-may paradoxically have the opposite effect to that intended.
So again, the best strategy for policymakers is to raise awareness about environmental issues with a clearly defined call for action describing how the issues can be addressed. A meta-analysis of research on self-efficacy and work-related performance found that calls for action work best when accompanied by accurate information and clear, concise instructions (Stajkovic & Luthans, 1998) . Translated to environmental public communications, that means it is better to urge people to "reduce their car use" than to "reduce their carbon footprint." The odds of achieving action and compliance with environmental policies are further increased when recipients understand the message and feel the topic is relevant to them. In practice, meeting these two requirements can be quite challenging, as outlined below.
Complexity. The extent to which a communication is understood hinges on both the cognitive ability of the receiver and the complexity of the message. Because climate change is an extremely complex issue, it is difficult for public communicators to express environmental risks and mitigation policies clearly and simply for a broad audience (e.g., Faulkner, Jorgensen, Sampson, & Ghafoori, 2018; Nerlich & Koteyko, 2009 ). This was in fact one of the conclusions of the earlier mentioned evaluation of the "Energy Savings, Do It Now" campaign; complexity was identified as a key reason for the disappointing results (Schalkwijk, 2017) .
A recent literature review on the impact of the perceived inconvenience of sustainable choices among homeowners suggests that informational complexity leads to inaction because of stress (De Vries et al., 2019) . "Hassle"-as the authors called the perceived inconvenience-is a microstressor related to "effort" (e.g., Gatersleben, Steg, & Vlek, 2002) . It stems from communications that are difficult to read, understand, and remember. The more hassle people perceive, the more they suffer from it, leading to stress and ultimately to inaction (De Vries et al., 2019) .
Complexity is partly created by the heaping of information: conveying lots of facts and details at once in the hope that these will cumulatively persuade individuals to support implementation of an environmental policy. The reason for heaping is the assumption that lengthy communications are perceived as more truthful and convincing (i.e., the length-implies-strength heuristic; Stec & Bernstein, 1999) . Certainly, an advertisement displaying many positive statements about a product can convince consumers that the product is "good" (Petty & Cacioppo, 1984) . However, the pitfall of heaping information is that the main message gets lost, as it is buried in trivia. Although, in principle, only the most important message should dictate judgments and beliefs about an environmental policy, nondiagnostic (i.e., irrelevant) details can dilute judgments and weaken beliefs rather than strengthening them (De Vries et al., 2014) .
Stated differently, informational complexity-caused by the heaping of irrelevant details-can trigger a backlash, undermining the effectiveness of environmental public communications. Thus, the most effective environmental public communications are those that present one simple message.
Relevance. The research of De Vries et al. (2014)) confirms the power of simplicity, while also demonstrating that environmental communications need to be relevant to the recipient in order to be successful in calling them to action. This raises a difficulty facing public communicators using mass communication as an instrument to stimulate behavioral change: the relevance of a topic differs for different groups. For example, information about the construction of a large wind farm is more relevant to people who live near that farm than to those living farther away. People near the planned farm will be more inclined to read and understand information about the project-predominantly because they want to know how the farm might affect them.
However, policymakers should be aware that due to the so-called NIMBY effect (Not In My Backyard), residents living close to the planned development may focus more on negative than on positive information. This is because locals are more likely to oppose these projects than to support them, due to concerns that property values will fall and accidents might occur (Terwel, Ter Mors, & Daamen, 2012) . Furthermore, they might feel unfairly treated, perceiving the local price paid to obtain global environmental benefits disproportionately high, leading to their resistance (distributive injustice; e.g., Sovacool & Dworkin, 2015) . Furthermore, selective exposure (or the "echo-chamber phenomenon"; see Hornsey & Fielding, 2020 ) leads people to pay greater attention to arguments that support their existing views than information that counters their views (Brewer, 2001; Frey, 1986; Hart et al., 2009; Joslyn & Haider-Markel, 2002; Smith, Fabrigar, & Norris, 2008) .
On the bright side, empirical research has revealed that locally focused environmental communications can induce people with a local attachment to take action-if the message contains a clear call for action (e.g., Brügger, & Pidgeon, 2018; Scannell & Gifford, 2013) . Even after negative information has captured attention, public communications with a local focus and action perspective can still positively influence residents. Experimental research shows this to be especially true if communications refrain from calling for sacrifice-oriented actions, such as "I am going to have to get used to driving less, turning off the lights, and turning down the heater." More effective are motivationally oriented calls to action that emphasize the achievement of a valued idea. An example would be, "We help solve climate change when we take public transport, engage in composting, and buy green energy" (Gifford & Comeau, 2011) .
Tailoring messages even more-to personally relevant values-may further increase the effectiveness of environmental communications. The literature suggests that emphasizing, for example, saving money, promoting health, and avoiding waste, can motivate people to act sustainably, since such values are typically more personally relevant than more abstract benefits for the environment (Ecologic Institute, 2014) . A nationally representative online experimental survey of U.S. residents found that news articles about climate change that emphasized public health (rather than risks to the environment or national security) were more likely to elicit emotional reactions consistent with support for climate change mitigation and adaptation. In fact, the national security frame was found to actually boomerang among citizens already doubtful or dismissive of the issue, eliciting feelings of anger rather than support (Myers, Nisbet, Maibach, & Leiserowitz, 2012) .
The policy implication of the literature on relevance is that public communicators should consider targeting their campaigns to specific regions or groups. That means they might have to produce various types of communications, emphasizing different aspects, for specific target audiences (see also Hornsey & Fielding, 2020 , on how to tailor messages to climate-sceptic audiences). Social media demonstrate that it is technically possible to microtarget messages, using information such as individuals' preferences, group characteristics, prior knowledge, and involvement with an environmental issue. However, customized communications can be a challenge because they require more preparation time (e.g., to investigate the preferences and interests of the different groups), larger budgets, and greater effort to deliver the appropriate message to each target group. Time, money, and effort are-unfortunately-resources that public organizations usually lack. Therefore, one-message-fits-all mass campaigns remain the norm. Furthermore, use of such personalized messages may present ethical dilemmas for public organizations. Nonetheless, microtargeting may be well worth trying, as it could improve the effectiveness of communications (Hornsey & Fielding, 2020) .
Level of Information Processing. Information processing theories help explain the importance of offering a relevant, motivating, simple message with a clear action perspective. Dual process theories, such as the elaboration likelihood model ( Petty & Cacioppo, 1986; Petty, Cacioppo, Strathman, & Priester, 2005) , the heuristic-systematic model (Chaiken, 1980) , and similar approaches suggest that people process information via a "fast" and a "slow" route (Kahneman, 2011) . The "slow" (system 2) route is more elaborate and systematic, while the "fast" (system 1) route is more peripheral and heuristic-though a combination of both is also possible. System 2 processing of an environmental communication means that a person gives focused attention to the message, deliberates on it, and comes to an informed attitude or decision. Systematically formed opinions are more persistent, resistant, and predictive of future behavior than more immediate, heuristic (system 1) responses to information (Petty, Haugtvedt, & Smith, 1995) . Therefore, policymakers looking for long-term sustainable behavior change should aim for "slow" processing of communications.
However, recipients who are not highly motivated, involved, or able to process a message, for instance, because they do not understand it or perceive it as less relevant to them, have a greater tendency to process environmental public communications in a more superficial and heuristic manner. That is, they act upon coincidental-not necessarily relevant-cues unrelated to the content of the message, such as the amount of information in the message (i.e., the length-impliesstrength heuristic; Stec & Bernstein, 1999) or stereotypical "expert" cues, such as a spokesperson wearing a white coat (Chaiken, 1980; Petty & Cacioppo, 1986 ). Furthermore, people fall prey to cognitive biases when they process information in a fast and instinctive (system 1) way. This can be prompted by information overload (Kahneman, 2011) . Empirical research shows that heuristic information processing may lead people to voice uninformed (negative) opinions about environmental policies (de Best-Waldhober, Daamen, & Faaij, 2009 ). This is another reason why environmental public communications need to be simple, relevant, and include clear action implications.
Emotions
People who process information in a fast and intuitive way may also fall prey to emotional responses that overshadow or prevent rational and deliberate thinking about the content of a message.
Negative Emotions. Fear-inducing imagery and language are often used to emphasize the urgency of a message and communicate the serious consequences of inaction. However, this easily evokes negative emotions (e.g., Kahneman, 2011; O'Neill & Nicholson-Cole, 2009 ). In a qualitative study of beliefs about the impact of such fear appeals, participating intervention developers, policymakers, politicians, scientists, and advertising professionals revealed that they thought threatening information would attract more attention to a message or that confrontation would prompt self-reflection. The findings further showed that communicators too easily assumed that members of the target population would change their behavior in a rational response to a perception of elevated risk, disregarding other (more irrational) effects of communicating such risks (Peters, Ruiter, & Kok, 2014) .
However, negative emotions evoked by a message can actually prevent effective decision-making and positive behavioral change. Reactance relates to the extent that people show the opposite behavior to that advocated in a communication (Brehm & Brehm, 1981; De Vries, 2017) . This is explained as follows: Autonomy is a basic need that feeds intrinsic motivation (self-determination theory; Ryan & Deci, 2000) . According to psychological reactance theory, people do not like to be manipulated; they want to make up their mind independently from others. Biased communications that nudge people towards "correct" behavior can give people the impression that their freedom to make up their own mind is under threat. In response, they seek to regain control. One way to regain control is by displaying the opposite behavior (Brehm & Brehm, 1981) .
Maladaptive fear control actions-including denial, defensive avoidance (e.g., of information), and reactance-may manifest as a strategy to reduce cognitive dissonance, for example, when a strong appeal to fear is made (Kessels, Ruiter, Wouters, & Jansma, 2014; Thompson et al., 2009; Witte & Allen, 2000) . An example of a strong appeal to fear is the visual depictions of the health consequences of smoking on cigarette packages (e.g., a photograph of advanced mouth cancer). Experimental research shows that these graphic depictions indeed evoke fear and increase intentions to quit smoking; the effect that policymakers aim for (Kees, Burton, Andrews, & Kozup, 2010) . A meta-analysis of fear appeals in public health campaigns confirms this positive effect, but also points to the risk that appeals to fear can trigger maladaptive fear control actions (Witte & Allen, 2000) . Psychological processes such as denial, defensive avoidance, and reactance occur particularly among the target population to which the health threat is most relevant. This was demonstrated by neuroscientific research in which participants viewed threatening health commercials (Kessels et al., 2014) .
In environmental communications, fear appeals lead to similar psychological effects. Negative emotions such as fear can be effectively used to motivate people to minimize their carbon footprint, as message recipients may feel ashamed or guilty about their current behavior and how it affects the climate (e.g., Baek & Yoon, 2017; Moser, 2007; Rees, Klug, & Bamberg, 2015; Salama & Aboukoura, 2018; Smith & Leiserowitz, 2014) . However, fear appeals can also backlash. Two integrated empirical, multimethod studies on the influence of visual representations of climate change (e.g., melting ice) on people's sense of engagement with the issue indicate that even though fear may be effective in catching people's attention it is often ineffective in changing behavior. The authors concluded that people can become desensitized by repeated exposure to gruesome images and lose their trust in the communication source if they think that fear is being used to manipulate them to engage (O'Neill & Nicholson-Cole, 2009). 2 In addition to visual messages, policymakers may evoke fear using alarmist language in environmental public communications. This language can take many forms. O'Neill and Nicholson-Cole (2009) cited examples such as "dangerous climate change," "climate of fear," and "climate chaos." In one experimental study, the term "global warming" was found to evoke more fear than the term "climate change," even when these terms were used interchangeably (Benjamin, Por, & Budescu, 2017) . Specifically, 457 participants in an online survey were randomly assigned to one of two framing conditions. They were presented with a set of questions regarding either "climate change" or "global warming." The results showed that the term "global warming" induced associations with temperature increases, severe weather, greater concern, human causes, and negative effects. The term "climate change" evoked associations with changes in general weather patterns and the possibility of natural fluctuations, while leading to greater reported belief that the issue could have serious repercussions.
Thus, the mere choice of wording (i.e., framing) affects perceptions of environmental issues. This effect of language as a persuasive tool to instigate behavioral change directly or indirectly can be subtle and unnoticeable to recipients, due to the aforementioned psychological processes. This conclusion also emerges from other experiments on the effects of framing in environmental communications (e.g., De Vries, 2017; De Vries et al., 2016) . However, the "global warming versus climate change" experiment found no direct effect of framing on people's intention to act sustainably. That study found significant predictors of behavior to be the perception that climate change was caused by humans, perceptions of self-efficacy to address climate change/global warming, and knowledge of the causes of climate change (Benjamin et al., 2017) .
Positive Emotions. Appeals to positive emotions in environmental public communications have been associated with support for environmental policies and even increased proenvironmental behavior. The scant empirical research on positive emotional appeals in environmental public communications focuses on how to fuel feelings of hope (e.g., Chadwick, 2015; Ojala, 2012 Ojala, , 2015 Smith & Leiserowitz, 2014) .
Questionnaire studies among teenagers and young adults show, for example, that "constructive" hope (related to trust in oneself and other societal actors, as well as positive reappraisal) positively influences proenvironmental behavior. In contrast, hope based on denial of the seriousness of climate change was negatively correlated with proenvironmental behavior (e.g., Ojala, 2012 Ojala, , 2015 . According to Ojala, the negative effect of denial-based hope could relate to optimism bias; that is, if attempts to provide hope cause people to underestimate the scope or severity of a problem, they may remain inactive or even increase their unsustainable behavior (Gifford, 2011; Ojala, 2015) .
A nationally representative survey in the United States found a positive impact of hope (Smith & Leiserowitz, 2014) . Respondents were asked to rate the intensity of different emotions felt when thinking about global warming. Furthermore, they were asked how much they supported or opposed a range of different climate and energy-related policies, including research on renewable energy sources and regulation of carbon dioxide as a pollutant. The authors found hope to be strongly associated with increased policy support. Interest and worry were also strongly associated with increased policy support (Smith & Leiserowitz, 2014) . These research findings indicate that positive emotional appeals (i.e., hope) may be effectively applied in environmental public communications-as long as they do not lead to optimism bias or denial.
Practically, policymakers can conclude from the literature that positive emotional appeals in environmental public communications can be an effective behavioral change tool. However, scholars also emphasize that an action perspective to cope with environmental threats must be provided to enhance perceptions of self-efficacy and prevent inaction (e.g., O'Neill & Nicholson-Cole, 2009; Ojala, 2012; Witte & Allen, 2000) .
Expectations
Insights from social psychology and sociology indicate that how people feel and act in relation to environmental issues depends not only on their cognitive biases and emotions, but also on their expectations about other people who are important to them. Two social processes here can interact with the impact of public communications on a person's sustainable behavior: (1) expectations about the sustainable behavior of others (i.e., social norms) and (2) expectations about the intentions of the communication source. Here, the communication source of primary interest is the government or another public service. Both processes are examined in more detail below.
Social Norms. People tend to compare themselves with members of their "in-group"; that is, others with whom they identify. They adapt their behavior to how they think these peers (would) behave. In regard to environmental sustainability, people might compare themselves to their neighbors, for example, in energy consumption or the purchase of an electric car (e.g., Allcott, 2011) . The social norms that result from such comparisons are mental representations of appropriate behavior. These function as a guide in daily life and can be stronger than an individual's (rational) perceptions or attitudes (e.g., Aarts & Dijksterhuis, 2003) . The relative impact of social norms on behavior is described by the theory of planned behavior. This theory states that norms, alongside attitudes towards a behavior and perceived behavioral control, shape individuals' behavioral intentions and, as a consequence, actual behaviors (Ajzen, 1991) . 3 Experimental research demonstrates the effectiveness of the use of social norms in environmental public communications with regard to water conservation (Goldstein, Cialdini, & Griskevicius, 2008) , energy consumption (Allcott, 2011; Kantola, Syme, & Campbell, 1984; Schultz, Nolan, Cialdini, Goldstein, & Griskevicius, 2007) , littering and recycling (Cialdini, Reno, & Kallgren, 1990; Grasmick, Bursik, & Kinsey, 1991; Schultz, 1999) , and transportation behavior (Kormos, Gifford, & Brown, 2015) .
Research reveals two kinds of social norms that motivate human action: descriptive and injunctive. Descriptive social norms involve perceptions of the behaviors typically performed by people one identifies with. They are effective because they "describe" the wanted behavior-performed by a majority-and they nudge the minority in this direction. Injunctive social norms involve perceptions of what behaviors are typically approved or disapproved of by a person's in-group. Injunctive norms can steer people's behavior regardless of what the majority does. Injunctive norms are effective when people perceive the wanted behavior as consistent with their own identity and the characteristics of the in-group (Cialdini et al., 1990) . Various studies demonstrate how descriptive and injunctive social norms can be used effectively in environmental public communications and where the pitfalls lie. 4 A classic field experiment on descriptive norms concerns the motivation of hotel guests to reuse their towels. Reuse of towels helps the environment by reducing laundry, thereby saving water and energy (Goldstein et al., 2008) . The experiment demonstrated that after reading a note indicating that prior guests had reused their towels (i.e., a descriptive social norm message) hotel guests were more motivated to reuse their towels than after reading a note merely stating that towel reuse is good for the environment (i.e., an informational message).
Though the hotel towel study, conducted in the United States, is often cited, it is worth mentioning that a similar study in two German hotels did not replicate the findings (see Schubert, 2017) . In these failed replications, descriptive social norm messages ("75% of other guests reused their towels") were just as effective as informational messages appealing to environmental concerns. As a possible explanation, the authors suggested that European participants might have greater engagement with environmental issues than the U.S. participants. Therefore, the European participants might have based their behavioral decisions more strongly on the merits of the issue (i.e., a content cue) than on the descriptive norms (a noncontent, heuristic cue; Bohner & Schlüter, 2014) .
The impact of descriptive social norms on energy consumption was also shown by a classic field experiment initiated in 2008 by the U.S. company Opower and its partnering energy providers (Allcott, 2011) . More than 600,000 households were divided into a treatment group and a control group. The households in the treatment group received regular reports with data on their energy consumption relative to their neighbors (i.e., a descriptive social norm). The households in the control group did not get this information. The households in the treatment group reduced their energy consumption after being informed that they consumed more than the average household in the area with the same number of occupants (Allcott, 2011) . This study replicates a finding from a similar field study conducted almost 25 years earlier in Australia (Kantola et al., 1984) .
Well-known studies such as these have inspired other companies and policymakers to provide descriptive social norm information, as they presume this to be most effective in influencing customer and citizen behavior. However, some of these attempts have been ineffective or even backfired. For instance, a descriptive norm can discourage people from making a requested change if it reveals that most of one's peers persisted in the unwanted behavior (Cialdini, 2003) . As such, provision of information about other people's energy consumption might make an economical consumer aware that their neighbors consume more energy than they do. This might actually prompt them to adapt their own energy consumption to the higher norm; that is, to change their behavior in a direction counter to the original communication goal.
Policymakers faced with a situation in which a negative norm prevailsleading to unwanted behavior-might still consider communicating the negative norm, but to accompany it with a disapproving message that appeals to the audience and in-group's identity (i.e., an injunctive norm) (e.g., Cialdini, 2003) . Examples of the successful use of an injunctive, negative norm are the "Don't mess with Texas" and "Don't lay that trash on Oklahoma" media campaigns, to reduce highway littering. Littering dropped drastically (up to 72%) when it was presented as behavior that "true Texans" and "true Oklahomans" considered unacceptable (e.g., Grasmick et al., 1991; Mols et al., 2015; Schubert, 2017) .
However, public communicators must be alert when designing assertive slogans. Their persuasiveness seems to depend on the perceived relevance of the environmental issue communicated. People respond well to pushy requests, such as "Keep the highway clean," if they view the topic (i.e., clean roads) as important. However, if they do not find the topic very relevant, they need more suggestivegentle-appeals to convince them to act in a more sustainable fashion (Kronrod, Grinstein, & Wathieu, 2012) .
In sum, communicators need to consider the perceived relevance of their topic among their target audience before designing environmental public communications. Furthermore, descriptive norms can be effective, but only if the norm steers towards the wanted (sustainable) behavior. If a negative norm prevails, a disapproving message may work, but should be formulated with care.
Source Expectations. Expectations about the perceived agenda of the source of environmental public communications can play an important role in how and whether citizens act upon a message communicated. As pointed out earlier, people can lose their trust in a communication source if they think that fear has been used repeatedly to manipulate them to engage with an issue (O'Neill & Nicholson-Cole, 2009 ). Studies further suggest that compliance can fail if expectations about a source's motivations for communicating environmental policies are at odds with the message, for example, if a polluting oil and gas company emphasizes only environmental benefits in its communications (e.g., De Vries, 2017; De Vries et al., 2016; De Vries, Terwel, Ellemers, & Daamen, 2015; European Environment Agency, 2016b; Rabinovich, Morton, & Birney, 2012; Ter Mors, Weenig, Ellemers, & Daamen, 2010; Terwel, Harinck, Ellemers, & Daamen, 2009 ).
Expectations about the source's motivations can influence compliance with environmental policies because expectations in general are an important driver of behavior (e.g., Burgoon & Le Poire, 1993) . Citizens will probably be more willing to comply with environmental policies if they expect the policymakers responsible for the policies (i.e., the government) to be fair and serve the needs of the general public. They will be less apt to comply if they expect policymakers to serve other needs (e.g., individual, political, industrial) . These expectations derive mainly from prior performance, both actual and perceived (e.g., James, 2011) . If expectations of fair and public-serving policymaking are violated, people get aroused and try to make sense of the violation (expectancy violations theory; Burgoon & Le Poire, 1993; Hinnant, Len-Ríos, & Jee Oh, 2012) .
Negative violation of expectations leads to negative appraisals (e.g., Burgoon & Hale, 1988) , including perceptions of illegitimate manipulation O'Neill & Nicholson-Cole, 2009 ). In a series of experiments on the effectiveness of public communication as a way to increase acceptance of environmental policies, researchers examined how participants responded to randomly distributed news articles on a low-carbon technology: CO 2 capture and storage . The communications varied in type of source (news agency versus oil company) as well as in degree of imbalance in reporting the advantages (i.e., combating global warming) and disadvantages (i.e., the risk of groundwater acidification). Such imbalance is also known as emphasis framing. The main findings were that people perceived biased environmental public communications as more manipulative than balanced communications, regardless of whether advantages or disadvantages were emphasized. However, manipulation was only perceived as inappropriate when there was an expectation that the source should be fair and balanced. This suggests that people who expect public communicators to be unbiased, but are presented with biased communications, will appraise the source negatively and as manipulative.
Perceptions of manipulation, or "greenwashing," can have a backlash effect on sustainable behavior due to the earlier mentioned psychological process of reactance (i.e., showing the opposite behavior to that advocated in a communication) (Brehm & Brehm, 1981; De Vries, 2017) . The following example of a mass public campaign from an oil and gas company illustrates how well-intentioned communications can backfire when implications relating to source expectations are not considered (e.g., De Vries et al., 2015) . In 2000, British Petroleum (BP) launched the "Go Green" campaign to demonstrate its environmental concern to the public. The campaign introduced a new logo, a green and yellow sun. A new slogan was also launched: "Beyond Petroleum." However, the public challenged the credibility of the slogan and BP's true commitment to alternative energy sources, as the company was still heavily invested in fossil fuels. In 2008, BP faced public accusations of greenwashing (i.e., deliberately framing activities as "green" to gain undeserved commercial benefit; Laufer, 2003) . So, instead of boosting its image as a green company-and sales of renewable energy-BP lost credibility and customers.
Experimental research provides further evidence for the hypothesis that communicators should consider recipients' expectations about a source's motivations for environmental policy development (De Vries et al., 2015) . Three experiments showed that people were quick to suspect greenwashing when they were informed that an energy company had invested in environmental measures. Suspicions of greenwashing can be allayed if communications acknowledge economic motivations as well as environmental motives. This is because people expect oil and gas companies to want to make a profit and be self-serving, in contrast to publicserving organizations. An economic motive is more aligned with this expectation than an environmental motive, regardless of the organization's true intentions. Stated differently, an economic motive is more credible than an environmental motive for an oil and gas company. Environmental motives might be effective promotors of sustainable behavior if the audience perceives the source's "green" intentions as credible; however, this was not specifically examined in De Vries et al. (2015) .
In sum, it is important for policymakers and governments to consider the public's expectations regarding their intentions in developing environmental policies. To achieve compliance with these policies, communications need to align with these public expectations. If recipients expect environmental, public-serving motives, these may be communicated. However, if other motives are (also) expected, they need to be acknowledged as well (De Vries et al., 2015; Terwel et al., 2009) .
Design Suggestions for Environmental Public Communications
The discussed insights about psychological and social mechanismsand findings concerning the way these impact the effectiveness of public communications-can be boiled down to three design suggestions: keep it simple, balance the message, and provide an action perspective. These design suggestions are highly relevant to any attempts to influence environmental behavior because their application can help prevent inaction and backlash effects. This section discusses how to use these suggestions, providing examples, recapping from the previous discussion why they are so relevant, and warning of possible pitfalls when applying them.
Keep It Simple
Simple messages have one core idea and omit irrelevant details (De Vries et al., 2014) . Furthermore, the language is easy and sentences are not too long. An example of a simple message is that of the antilittering campaign referred to earlier: "Don't lay that trash on Oklahoma" (Grasmick et al., 1991) . As the literature reviewed confirms, simple messages tackle multiple psychological processes. Simplicity makes it easier for people to read, understand, and remember information about environmental policies (e.g., De Vries et al., 2019; Sousa Lourenço, Ciriolo, Rafael Almeida, & Troussard, 2016) . As a result, people process the information more systematically, which can lead to more persistent opinions and stable behaviors (e.g., Petty et al., 1995) .
A pitfall in designing a simple message is that communicators need to take more effort to assess the relevance of the topic for their target population. As demonstrated by several of the earlier mentioned (empirical) studies on cognitive biases and relevance, communications are more persuasive when they address relevant, often local, topics (e.g., Brügger & Pidgeon, 2018; De Vries et al., 2014; Kronrod et al., 2012; Scannell & Gifford, 2013) . Since the perceived relevance of topics might differ between people, different communications may need to be developed for different groups. As noted, though microtargeting costs, time, money, and effort, it might be worth trying because of its greater potential effectiveness (Hornsey & Fielding, 2020) .
Balance the Message
Balanced messages communicate both advantages and disadvantages of an environmental policy. Furthermore, both the advantages and disadvantages are equally emphasized. An example of a balanced message on the environmental policy of favoring public transport over car use may read: "The bus might not get you there as fast, but it is good for the environment." This acknowledges a disadvantage of taking the bus, as well as an advantage.
As discussed earlier in relation to source expectations, balancing is relevant because it enhances the credibility of the source and the message. This holds particularly true for communications from sources that should, in the eyes of the public, be objective, such as public agencies (De Vries et al., 2015 , 2016 . Importantly, scholars have theorized that balanced communications can produce positive long-term effects, such as increased trust in the integrity of a source (e.g., De Vries, 2017; Terwel et al., 2009) . Future research is recommended to test this hypothesis empirically.
A pitfall of balancing is the difficulty of deciding what a good balance is. In their study on the effects of emphasis framing in environmental communications, De Vries et al. (2016)) observed that balanced reporting can in itself paint an incorrect picture of an issue if two opposing viewpoints appear equally plausible while one has the preponderance of evidence on its side. An example is if equal argumentation is given for the primacy of anthropogenic (humaninduced) and naturally occurring causes of climate change. As such, concern for balance might in fact undermine true objectivity, a phenomenon also referred to as "false balance," which can create controversy and perceptions of misinformation (e.g., Dearing, 1995) . Discerning an equal balance between advantages and disadvantages with regard to a topic requires preparation and research among communicators.
Provide an Action Perspective
The discussion on cognitive biases, emotions, and expectations indicates the importance of providing a clear action perspective to change people's behavior. First, as discussed in relation to social norms, a factual, informative description of the desired behavior can be enough to change behavior (e.g., "Reuse your hotel towels"; Bohner & Schlüter, 2014) . Providing an example demonstrating that people like you perform the desired behavior can be an even stronger way to change behavior (e.g., "Previous guests in this hotel room also reused their towels"; Goldstein et al., 2008) .
However, communicators should be wary of using social norms if a negative norm prevails (e.g., regarding road littering). In that case, the action perspective should be accompanied with a message that disapproves of the unwanted behavior ("Don't mess with Texas"; Grasmick et al., 1991) . Furthermore, communicators should be aware of the experimental finding that in-group members can elicit a negative (contrasting) response if they make others feel morally inadequate. Bolderdijk, Brouwer, and Cornelissen (2018) provided the example of the discouragement one might feel when a neighbor shows off their electric car. Even though the neighbor's motives might be sound (e.g., environmental concern), their enthusiasm might actually threaten others' moral self-concept because the individual had not pursued this course of action themselves (e.g., Bolderdijk et al., 2018) .
This demonstrates how perceived low control can trigger defensive responses. As explained, an action perspective can increase perceptions of self-efficacy and effectiveness if it clarifies to the audience how they can contribute to solving environmental problems. Furthermore, it can reduce the occurrence of cognitive biases and cognitive dissonance (and the strategies used to reduce these). Telling people how they can minimize their carbon footprint (e.g., "take the bus") can empower them.
Finally, communicators should be wary of using emotional appeals when providing an action perspective. The research introduced earlier indicates that if these appeals are perceived as irrelevant, they could weaken the call for action (i.e., dilution effect, De Vries et al., 2014). Furthermore, positive emotions such as hope only work when they do not evoke denial (e.g., Ojala, 2012 Ojala, , 2015 . Appeals to negative emotions, such as fear, can easily backfire and lead to perceptions of manipulation (e.g., O'Neill & Nicholson-Cole, 2009 ). Moreover, there are ethical considerations regarding whether a public service should trigger emotions, even if it is for a good cause. This suggests that emotional appeals should be used with care in action statements.
Conclusion
The goal of this contribution was to scrutinize social and psychological processes that can impact the effectiveness of public communication. A review of relevant theory and research revealed that environmental public communication can be an effective tool to motivate sustainable behavior, provided that attention is paid to cognitive biases (discounting, control perceptions, denial, defensive avoidance, and reactance), emotions (fear and hope), and expectations (about the motivations of the communication source and other people's environmental behaviors).
Of course, it can be argued that the processes described in this review are not the only relevant ones. However, though not comprehensive, this contribution can raise awareness among public communicators of the types of social and psychological processes that can impact the effectiveness of their communications. Furthermore, this review provides an academic starting point for the collection and mapping of the variety of processes that impact the effectiveness of public communications. A noteworthy example in this regard is the work of Robert Gifford, who has spent many years collecting his "Dragons of Inaction." These "dragons" are cognitive biases and psychological mechanisms that explain inaction towards environmental issues. He hosts a website open to scholars and nonscholars alike which enables him to continuously expand and improve his collection (www.dragonsofinaction.com). In line with Gifford, fellow researchers might regard the current contribution as an invitation to elaborate, expand, and improve on the framework presented in Figure 1 .
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